AD-758 060
STUDIES OF THE SOLAR AND TERRESTRIAL
RADIATION FLUXES OVER ARCTIC PACK ICE

Bjorn E. Holmgren, et al

Alaska University

Prepared for:

Advanced Research Projects Agency

March 1973

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




. STUDIES OF THE SOLAR AND TERRESTRIAL RADIATION FLUXES
Q0 OVER ARCTIC PACK ICE

Sponsored by
(@ Advanced Research Projects Agency
— ARPA Order No. 1783
s
Contractor:

University of Alaska

Contract Humber: N00014-71-A-0364-0001
Effective Date of Contract: 1 June 1971
Contract Expiration Date: 31 December 1972
Amount of Contract: $85,767.00

Frogram Code Number: NR 307-343/4-13-71 Code 415

Principal Investigator: Dr. Gunter Weller

Phone: 907-479-7371

The views and conclusions contained in this document are those of the authors

and should not be interpreted as necessarily representing the official policies,

either expressed or implied, of the Advanced Research Projects Agency or the
U. S. Government,

ved for public relecs®:
1o - vmied
s . ‘Jl nmnds R -
Distribulion P
Dt —

App

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

S Deportment of Co
Springfield VA 22";'5"1"“



STUDIES OF THE SOLAR AND TERRESTRIAL RADIATION FLUXES

OVER ARCTIC PACK ICE

Bjorn Holmgren

and
Gunter Weller

FINAL REPORT

Geophysical Institute
University of Alaska
Fairbanks, Alaska 99701

March 1973

This research was supported by the
Advanced Research Projects Agency

of the Departm~ant of Defense under
Contract No. NOQ014-71-A-0364-0001,



b Unclassified

Securite Clan e ooy ]
DOCUMENT CONTRGL DATA-R&D {
CShcurty cingorlieation of pitlp, bty b plecgeaet sl vadecin s o tatron s Le eogered when the nvers ! Fotrart gk Innsified)
1. ORIGINATING ACTIVITY (Corporate author) &2, REPORT SECURITY CLASSHIFICATION
; , Unclassified
Geophysical Institute, University of Alaska RGO

Gunter Weller

3. REPORT TITLE

Studies of the Solar and Terrestrial Radiation Fluxes over Arctic Pack Ice

4, DESCRIFTIVE NOTES (Type of roport and inclusive dutes) J

Final Report (Technical Report No. 3) - June 1, 1971 - December 31, 1972

S, AUTHORIS] (Furst namo, middle inatial, lust nome) i
Bjorn E. Holmgren and Gunter E. Weller

. e i e . . "

6. RYPORT DATE 14, TOTAL NO, OF PAGES 0. NO, OF REFS
| March 1973 A
’ Ba. CONTRACT OK GRANT NO. 94. ORIGINATCR'S REPORT NUMOERIS)
N00014-71-A-0364-0001 Final Report - Technical Report
b. PROJECT NO. No. 3

ARPA Order No. 1783 :

9b. OTHER REPORT NOIS) (Any other numbers that nuay be sssigncd
this roport)

10, DISTRIBUTION STATEMENT 1

Unlimited

1 SUPHLEMILINTARY NOTES 12, SPONSORING MILITARY ACTIVITY

Advanced Research Projccts Agency

12, ADSTRACT

This report describes some measurements carried out durinpg 1972
AIDJEX that have not been accounted for in earlier reports under this
contract. Determinations of the turbidity coefficient gave a mean value
of 0.078, indicating that the dust scattering is considerable in the
Arctic atmosphere. Incoming and outgoing short-wave and long-wave
radiation fluxes were monitored by 4 Eppley precision pyranomecters. The
variations of these fluxes and of the radiation balance are discussed,
especially in relation to the cloud conditions. .

DD .'.?::...i .:;73 Unclarsificd |

T’% Seeelaly Uleieattes oi




e UNCLas 51 U 0d : '
Deciaty Claoenibicalon ‘
i REL. ey L
KEY WORDS ROLE, W Rl o W N
Radiation regime
: Arctic Basin
' |
V
|
; 1
!
L
|
i {
| 1
i |
i |
|
|
q
. |
| i
|
|
[
i
: , Unclassificd
. I »( e
1 . e Llily o Vit ol puspy

- 2 _A*.___._——u—“




| FOREWORD
l

This is the Final keport (Technical Report No. 3) covering the period
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INTRODUCTION

Our studies h;ve concentrated on determining the physical characteristics
of pack ice, clouds and aerosols as they affect the Arctic radiation
regime. At Barrow, flights through stratus clouds with aircraft mounted
continous cloud particle samplers have determined number and mass densities,
particle size distributions and ice crystal contents of these clouds over
a wide temperature range. Simultaneously, light intensity and reflectivity
measurements have been carried out to determine the optical properties
of these clouds.

Alrcraft-mounted photometers have provided measurements that have
allowed deduction of aerosol profiles up to 13,000 feet; on two occasions
these were extended up to 35,000 feet aboard flights by the NASA CV-990
aircraft to the Arctic Ice Dynamics Joint Experiment (AIDJEX) camp in the
Beaufort Sea. Although the air is fairly "clear" over the Arctic Ocean,
lce crystal and other aerosols are present, and are important in scattering
incoming radiation. In addition to measurements of ice nuclei concentrations
at Barrow, actinometric observations were made on numerous occasions at
the AIDJEX camp, occasionally through ice crystal clouds advected from
open leads.

Routine monitoring of components of the radiation balance have been
carried out at Barrow, Ice Island T-3 and the AIDJEX camp. Coupled with
this were studies of surface inhomogeneities, such as hummocks, snow
dunes, leads and pressure ridges, and the effects of these features on
the surface albedo and temperature. Of particular interest were the
measurements over refreezing leads, both artificially made and natural ones,
showing extraordinary modification of the radiation balance during the
freezing process. Light extirction measurements in snov, ice and sea
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water, using photocells, allowed the construction of a typical extinction
nomogram for these studies.

One important part of our work has been thecoretical modeling in
order to synthesize our observations of radiation fluxes and of surface
and atmospheric radiation characteristics. For infrared fluxes we
have developed a fairly elaborate model which allows computation of
radiation transfers in an atmosphere with several cloud layers, for
short wave fluxes we have so far developed a rough model which shows
the effect of a thin cloud layer on the radiation balance of the earth-
atmcspheric system at various latitudes and seasons.

Ou; main research efforts were accounted for in the Annual Report
(Technical Report No. 2), where the overall reseaéch objectives were also
described. 1In the present report we comment on a few measurements which
had not beer subject to analysis when the Annual Report was written.

Our original intention was that this project should develop into a
broad study of the radiation regimes of the Arctic which could be related
to such considerations as the heat budget of the Arctic Ocean and the
stability of the Arctic climate. We feel that our basic approach has
been sound and that we have made progress in attaining our objectives.

We regret that our research has ended prematurely.
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ON THE TURBIDITY OF THE ARCTIC ATMOSPHERE

During the AIDJEX pilot study in April 1972, we made approximately 100
measurements of the direct solar'intensity by means of a Linke-Feussner
actinometer furnished with Scott color filters OG1 and RG2 These
measurements, representing 10 days with clear sky conditions, although in
some cases with visible ice crystal aerosols present, have been analyzed to
determine the turbidity coefficient B (Figure 1) and the water vapor
absorption ¥ (Figure 2) by applying the so called Angstrom-Hoelper
method (Hoelper, 1935). The average B values for the 10 days was 0,078,
which is higher than might be expected. On the other hand, the corresp;nding
F values seem to be somewhat low (compare e.g. Liljequist,1956). There are
indications, Judging from the low F value and also from the relationships
betwagn F and airﬁass m s that our B values for some reason or other may
be too high by 0.005 - 0,010 units.The determination of the atmospheric
turbidity parameters requires accurately calibrated instruments including
the filter factors. In our study we have used the Linke-Feussner actinometer
with the temperature-corrected calibration constant recommended by the
factory. Preferably, a standard pyrheliometer should be applied to support
the factory calibrations in order to ensure maximum reliability of the
data.

llowever, also with these qualifications in mind, it is obvious that the
scattering and absorption by particles in the Arctic atmosphere is considerable
and cannot be neglected in considerations of the energy budget of the surface
atmosphere system. For a solar elevation of 30° above horizon our 3 values

correspond to a decrease of the direct solar radiation by about 207% as
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compared to the conditions in an atmosphere without dust scattering, oOn
the other hand, the influence of the dust scattering on the total
incominyg solar radiation at the surface is relatively small over a
larpe snovfield, since increased diffuse sky radiation to a large extent
compensates for the loss of direct solar radiation.

Very little seems to be known about the characteristics of aeroscls in
the Arctic atmosphere, their chemical composition, residence times etc.
Fletcher (1966) points out the prevalence of ice crystal haze, especially
during the dark months, and discusses its effect on the long-wave radiation
budget. of the surface atmosphere system. Although icé crystal aerosols
certainly contributed to the B values observed at.the AIDJEX camp, we can
at the present time only speculate as to how important this contribution
. 1s compared to aerosols of other origin.

Earlier measurements of B in the Arctic indicate a seasonal variation
with relatively high values in early spring and markedly lower values in
summer (Figure 3).  Further information, especially on the vertical
distribution of aerosols is given by Shaw (Technical Report No. 2 under
this contract). Measurements with aircraft ﬁounted photometers showed an
approximately exponenti;l decrease of thé aerosol extinction coefficient
with increasing elevation, with a dust sphere scale height amounfing to
1-2 km. From B determinations at sea-level and at an altitude of 1300 m
Holmgren (1971) found an average scale height of 3.2 km in May and 1.6 km
in July, indicating that the decrease of B during this period (Figure 3)
was mainly due to a decrease of the dust extinction in the atmosphere above

the 1.3 kn altitude.




MONITORING OF THE RADIATION BALANCE DURING AIDJEX

Our AIDJEX study in April 1972 sought to determine numerically the
highly variable radiation related characteristics of the Arctic environmental
features, schematically depicted by the matrix of Appendix I. The result

of the measurements of these characteristics were described in the Annual

Technical Report No.2. We will here briefly describe some temnoral variations of

radiation fluxes as measured over snow covered multi-year pack ice and the
relationships between these variations and the cloud conditions. The net
radiation was monitored by measurements of its four basic components, °
incoming and outgoing long wave and short wave fluxes using Eppley
precision pyranometers. Numerous calibrations were carried out,
against a Linke-Feussner actinometer for short wave radiation, and
against a Barnes PRT-5 precision thermal radiometer for long wave radiation.
Continuous records were obtained from April 2 throughout April 26 except
for two days when we had troubles with recording the data. Although the
data were thus collected during a relatively short period there are
several interesting features that can be deduced from the curves of Figure
4 (numerical values given in Table 1).

1. The AIDJEX data were collected at a time of the year when the
all-wave radiation balance is going from negative to positive daily
values on the average. During clear sky conditions the radiation balance
is negative, while the balance is positive with an 5vercast skv, Tt mav be
noted that the radiation balan;e over an open lead in the beginning of
April was £0und to be -100 cal cm“2 day“l (Technical Report No. 2).

2. During the cloudy period from April 12 throughout April 17.the
albedo of the snow is notably high. This feature is probably primarily

related to multiple reflections between the snow surface and the clouds.
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The incoming solar radiation becomes enriched in visible radiation which
has a higher reflectivity than the near infrared radiation. New snow

deposited during this period might also have had an effect on the increase

of the albedo.

3. The incoming solar radiation does rot decrease very much when

a cloud cover forms over an extensive snow-field. During the six days
with overcast sky or varying cloud conditions in the middle of April,
the average decrease of the incoming radiation because of the clouds is
only about 15%Z. On the other hand, the absorbed short-wave radiation
decreases substantially because of the increase of the albedo.

4. During the same period there is a marked increase in the
incoming and on the average a small increase in the outgoing long wave
radiation, resulting in a marked decrease of the long wave radiation losses.

5. The net long wave and the net short wave radiation balances are
negatively correlated. The variations of the net long wave radiation are
the greater and therefore dominate the variations of the all wave radiation
balance.

In summary, Figure 4 provides interesting information on the interactions
between the radiation fluxes during varying cloud conditions. One could
only wish that similar data were available on an annual basis. In the

literature we have not as yet seen any results of direct measurements

of all four basic components of the radiation balance. It seems evident
that long wave pyranometers are valuable tools in climatological studies 1
of the radiation balance. One word of caution may be appropriate.

We have so far nct made extensive tests of the accuracy of the long wave

6
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radiation measurements. Our experience is chat the calibration factors
may be subject to changes after some time of use. Teriodic checks of
the calibration factors must be carried out. This is also in accordance

with the manufacturer's recommendations.
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Figure 1

Figure 2

Figure 3

Figure 4

FIGURE CAPTIONS

Daily values of the turbidity coefficient 8 determined
f»om actinometric measurements during 1972 AIDJEX,

Water vapour absorption F of solar radiation determined by
applying the Angstrom-Hoelper method to actinometric measure-
ments during 1972 AIDJFX.

Variations of the turbidity coeffieient B as measured at
selected stations in the Arctic.

The variations of radiation components using Eppley precision
short wave and long wave pyranometers during 1972 AIDJEX.

c = clear sky

v = variable cloud conditions
o = overcast sky
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Figure 1 Daily values of the turbidity coefficient 8 determined

from actinometric measurements during 1972 AINJEX.
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Water vapour absorption F of solar radiation determined by
applying the Angstrom-Hoelper method to actinometric measure-
ments during 1972 AIDJEX.
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Variations of the turbidity coeffieient 8 as measured at
selected stations in the Arctic.
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APPENDIX I

RADIATION FLUX INVESTIGATION
by
G. Weller

Published in AIDJEX Bulletin No. 14
July 1972
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RADIATION FLUX INVESTIGATION

G. Weller, Prineipal Investigator
Geophusical Tnatitute
University of Alaska
College, Alacka 99701

The energy balance at the ice/air interface in the Arctic is dominat.
by the radiation fluxes. The 1972 study sought to determine numerically th.
highly variable radiation-related characteristics of the arctic environ-
mental features stown in the matrix below. An x denotes those
elements investiéated during AIDJEX 1972.

COVERAGE OF RADIATION FLUX STUDY, AIDJEX 1972

Surfaze Termps., Surface Extine- Radiation
Infrared Fluz Reflectivity, tion Coef- Balawnce,
Feaiures Emitted Albedo fieient 4-cormponent
Sea water X X X X
Sea ice (multiyear) X X X X
Refreczing leads
Natural X X X
Artificial X X
Hummocks, ridges X X
Snow cover X X
Atmosphere (clear) X
Acrosols (ice crystals) X

Of particular interest were the radiation balance measurements over
refreczing leads, both natural and artificially made. TFigure 1 shows that
the measured open-lecad values compare well with those computed by Badgley
and by Doronin [Fletcher, J. 0. 1965. Heat Budget of the Arctie Basin and
Its Relation to Climate, The Rand Corp., R-44-PR]. The net radiation loss
of open leads is an order of magnitude higher than that of multiyear ice at

this time of year, and remains much higher for several weeks after freezing.

28
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Albedo measurcements were made from the ground with fixed and portable
squipment and from the air during photographic runs with Twin Otter aircraft
flying at altitudes of 1500, 5000, and 12,000 feet. The acrial albedos
show a strongly skewed frequency distribution because of the presence of

leads; they also show a mean albedo for multiyear jce of .78.

Light extinction measurements, by photocells, in snow, ice, and seca
water allowed the construction of a typical extinction normogram for these
substances. For example, 10 cm of snow overlying 2 m of sea ice reduces
the light intensity at the ice/water interface to half a per cent of that
at the surface. Similarly, light extinction caused by turbidity in the
atmosphere was measured with various filters on numerous occasions, both
through "clear" air and through dense ice crystal aerosols near the ground.
Brilliant and complex solar halos, usually present during these latter
conditions, were observed and recorded on several occasions. Similar
measurenents were made aboard the NASA CV-990 aircraft on two flights,

obtaining profiles from 32,000 feet down to 500 feet above the ice surface.

Surface temperature maps on a microscale were constructed from
measurements under different conditions of sky cover and wind for a variety
of surface features. Observed differences on sunny and shady sides of
hummocks on clear and relatively calm days were as much as 8°C. These
data were always collected during NASA CV-990 overflights, as well as on

other occasions, to allow comparison with the aircraft remote-sensing
equipment.

Routine monitoring both of the four components of the radiation
balance over multiyear ice by using Epplcy precision pyranometers and of
the short-wave diffuse sky radiation continued uninterruptedly throughout
the experiment. Calibration against a substandard was carried out in sttu
on all instrunents to determine cosine errors. An air blower system
designed for the experiment successfully kept the sensors free of frost
deposit throughout the period of observation.

Field Percowmel: Gunter Weller, 31 March-18 April; Stan Parker, 31 March-
25 April; Tom Goldthwait, 11-29 April.
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APPENDIX II

THE SIZE DISTRIBUTION AND CONCENTRATION OF CLOUD PARTICLES

IN ARCTIC CLOUDS
by

K.0.L.F. Jayaweera

Abstract of paper preseated at the International
Cloud Physics Conference in London, August 21-26,
1972, sponsored by ICCP, IAMAP, and IUGG.
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The Size Distvibution and Concentrat fon of Cloud
Parvticles in Arctic Clouds
by

K.O0L.F. Jayaveera 1

Clouds over lard in the ﬁo]nr regions ncar the sea are typically
stratus and occur in layers about 3000 fceot thick and sceparated by
about 1000 fect. Any other cloud formation is only exceptional and is
rarely scen. The composition of these clouds were investigated using
an MRI cloud particle sampler fitteh to a Cessna 180 in the vicinity of
Barrow, Alaska, during tﬂc montﬁ of Scptember 1971. During this month
the clouds extended from 800 reet. to 12,000 feet and 35 passes were
made at different temperature levels ranging from +2C to -11C. At ecach
pass the volume of air sampled were about 500 Lliters. The purpose of
these investigations chc to establish the conditions under which ice
particle multiplication does or does not take place and to determine
the importance of ice nuclei on the ice crystal development in clouds,

The ice crystal observed in these clouds were all columnar and
unrimed. The concentration of ice crystals at -11C and -7C were about
40 per m3 and 10 per m3 respectively and at -4C it waz less than 2 per
m -, These values agrce well with the average ice nuclei concentrations
at the corresponding temperatures, measured using Millipore samples
collected at Barrow during this period and developed using the techni-
que of Stevenson (1970). The ice crystals at -7C were sheaths and were
larger than the solid columns observed at ~-11C. The sheaths had dia-
meters near 30 pm and lengths about 100 to.ZOO pﬁ, vhile solid columns
were about 20 yu diameter and 50 ym length., The wéter droplet concen-
trations and spectrums were analysed for each pass. The size spectrums
did not vary significantly at different levels, hence in Fig. 1 the
overall size spectrum is shoun. These values were corfcctcd for the
collection efficicucy of the sarpler which has a zero value for droplets

1. Geophysica) Tuntitute, University of Alaska, Collepe, Alaska 18




less than 3 ym and alwost 100% for drops greater than 35 pm. The con-
centrations on most occasions were about 90 per cm3 while the highest
were 1060 per cm3, givin, a liquid water content of 0.2 to 0.3 gm per m3.
Thercfore, our-analysis shows that the characteristics of the arctic

~ ratus does not vary {rom day to day or at different levels, has a
narrow spectrum without any big drops, and lie between the stratus clouds
obscrved in Germany and Hawaii (Mason, 1971)\

In conclusion, the results of the study at Barrow suggest that in
clouds with narrow dreplet spectrum and without any big drops the con-
centration of ice crystals can be determined from the laboratory mea-
surements of ice nuclei and indicate that ice particle multiplication
is found only in clouds that has big drops or rimed ice particles or

both. <These observations agree with the contention of Mossop (1971) on

the factors necessary for ice multiplication in clouds.
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APPENRIX III

I

ATRBORNE OPTICAL MEASUREMENTS OF ATMOSPERIC
AEROSOLS NEAR BARROW, ALASKA

by‘

G. Shaw and G. Weller

Abstract of paper given at the AGU Vancouver
meeting, October 16, 1972
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AIRBORNE OPTICAL MEASUREMENTS OF ATMOSPHERIC
‘ AEROSOLS NEAR BARROW, ALASKA

Glenn E. Shaw, Gunter Weller

The change of direct sola? radiation with altitude is related to
the vertical profile of the aerosol optical extinction coefficient.
An airborne photometer experiment was performed to measure the solar
radiation at multiple narrow wavelength intervals in the visible
region., Measurements that were taken near Barrow, Alaska (latitude
71°30'N, longitude 156°30'W) are summarized, and results of analyzed
records showing typical profiles of aerosol extinction coefficients

along with their relation to meteorological parameters are described.
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APPENDIX 1V
SOME RESULTS OF RADIATION MEASUREMENTS
DURING THE 1972 AIDJEX PILOT STUDY
by

B. Holmgren and G. Weller

Abstract of paper presented at the AGU

Meeting in San Francisco, December 4-7,
1972,
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SOME RESULTS OF RADTATION MEASUREMENTS
DURING THE 1972 AIDJEX PILOT STUDY

bv
B. Holmgren and G. Weller

Geophysical Institute
University of Alaska
Fairbanks, Alaska 99701

The extinction of the- direct solar radiation by dust scattering, as
determined by a Linke-Feussner actinometer with color filters, was unex-
pectedly high with a mean value of the Angstrom turbidity coefficient
B = 0.07 for 10 days with clear skies. A comparison with carlier inves-
tigations of & in the Arctic indicates a seasonal variation with relatively
high values ia early spring and markedly lower values in summer.

Measurenents of the albedo over snow-covered multi-year ice gave a
mean value of 78% for 12 days with clear skies, and 87% for 4 dayz with
overcast skies. The increase of the albedo in connection with a clouding
over may probably be ascribed to multiple reflections between the cloud-
base and the snow surface. By applying a simplified scheme for the radia-
tion transfer through clouds and by assuning representative values of the
surface reflectance in the visible and infrared regions of the solar spectrum,
it is argued that multiple reflections between the surface and the clouds
should also have a marked effect on the spectral composition of the incoming
solar radiation and en the albedo of the melting pack ice in summer. Measure—
ments of the surface reflectance within narrow spectral intervals and for
various surface types appear to be needed before realistic modeling of
solar radiation fluxes over the pack ice can be made.

The radiation balance over snow-covered multi-year ice was monitored
by four radiometers (2 short-, 2 long-wave) supplied with a warm-air blower
system to prevent frost deposits. During a fine-weather period with air
temperatures at around -25°C in early April, the radiation balance over
open and refreezing leads was monitored by additional measurements of the
albedo and the emitted long-wave radiagion. _Ihe radiation balance over
open leads was found to be -100 cal ecm - day , while the concurrent radia-
tion balance over multi-year ice was close to zero. The freeze-up of a lead
brought about at first rapid, later more gradual changes of the surface
temperature (decrecasing) and of the albedo (increasing). As the freczing
of the lead continued, its radiation balance approached that of multi-year
ice asymptotically.




